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UNITI:

(9)

Basic concepts and definitions: Distinction between a fluid and a solid; Density, Specific
weight, Specific gravity, Kinematic and dynamic viscosity; Variation of viscosity with
temperature, Newton law of viscosity; Vapor pressure, Boiling point, Surface tension,
Capillarity, Bulk modulus of elasticity, Compressibility

2. SPECIFIC WEIGHT ()

STEP 1 : Definition
Specific weight is the weight per

unit wvolume of a flud.

. ¥
L
here,
Y = Specific weight (N}'maj
W = Weight of fluid (N)
V = Volume of fluid (m?)

STEP 2 : Relation with Specific Gravity

' 5G x vy,

Where,
SG = Specific gravity (dimensionless)
Tw = Specific weight of water

= 981 kN}‘mz

STEF 3 : Example

Find the specific weight of oil having
5G = 0.85.

Y = 0.85 « 9.81 = 8.3385 kN/m®

¥ = 8.34 kN/m®

3. SPECIFIC GRAVITY (56)

STEP 1 : Definition

Specitic gravity is the ratic of density (or
specific weight) of a fluid to that of water
at 4°C.

YRR &
Pw Yw
Where,
p, = Density of fluid (kg/m’)
Pu = Demsity of water (1000 kg/m®)
Y = Specific weight of fluid (N/m?)

' " Spet.'l'Fic weight of water {‘].31 kal‘ﬂa}

STEP 2 : Example

The dEniH"ﬂ of mercury is 13600 kﬂf'ma.
Find its specific gravity.

13600

-
- -

1000

56 = 13.6 ]

STEP 3 © Quick Values (at 4°C)

Water i 56 = 1.0

oil : S5G = 0.8-015
Mercury @ 5G = 13.6
Seawater : 5G = 1.025
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&, KINEMATIC VISCOSITY (v)

STEP 1 : Definition
Kinematic ui;cu;ifﬂ is the ratio of

dﬂnnmit viseosity to densihd.

P

Ve —

P

Where,
v & Kinematic viscosity (m*/s)
B o= Dynamic viscosity (Pa-s)
p = Density of fluid {kgfrﬂ“')
STEP 2 : Units
Sl unit mlfs
Common unmit : Stokes (5t)
{5t 10" m/s
STEP 3 : Example
For a fluid,
We 0001 Pass,  pe 1000 kg/m®
Find v.

. 0001 L0 mifs
1000

= 12107 m'/s

STEP 4 - Typical Values (at 20°C)
Water : vz 10x10"" m/s

Air o ov=15x10"" mi/s

Ol ¢ v 10 to 1107 m'/s

5. DYNAMIC VISCOSITY (p)

STEP 1 : Definition

DHMMIL viimsih_! is the internal resistance
of fluid to shear or flow.

= . _'r.
e du/dﬂ

Where,
T = Shear stress (Pa)
ﬁuHH = Velocity gradient (1/s)

STEP 2+ Units
S| wnit :  Pascal-second (Pa-s)

Common unit : Poise (P)

1P=01Pas

STEP 3 : Example
A fluid develops shear stress of 2 Pa
when velocity gradient is 500 s,
Find p.

2
#= 500

= 0.004 Pa-s

o= 0.004 Pa-s

STEP 4 : Typical Values (at 20°C)

Water @ = 0.001 Pas
Ar 0 pe 18107 Pass
Qil v p=0.01 =01 Pas
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6. VARIATION OF VISCOSITY WITH TEMPERATURE

High 4
* For liquids : Viscosity decreases
H with imcreass in temp-:rﬁiurt_
* For gases vliﬂﬂii*ﬂ inCreases
with increase in temperature.
Low
-
Lo High
Temperature (*c)
E:nmEl:

» Water at 20°C : M= 0.001 Pa-s
» Woter at &0°C : B = 0.00047 Pa-s

{Uimsii-& decreases as temperature increases )

1. NEWTON'S LAW OF VISCOSITY

U,
STEP 1 : Statement (o e———> U — Moving
A ' s
The shear stress (T) is directly proportional 1// : _,//_ L plate
; . du
to the velocity gradient (E] for a

Newtonian Fluid. h !
du du
Tﬁd_':! N r=,u{d—5} ¥y Fixed
W L 777 7 A% plate

Where,

T = Shear stress (Pa)

po= Dgnnmi: visr.nsi'nj (Pa-s) Example

du 1 . If p=0001Pas and 35 = 50057
d_ﬁ = Velocity gradient (1/s) N r

T= M E = 0.001 = 500 = 0.5 Pa
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8. VAPOR PRESSURE

STEP 1 - Definition P
1+ 15 the pressure exerted '|:|-|:| the vapor when a liquid
is in equilibrium with its vapor at a given temperature

7 3
in a closed container. :
STEP 2 © Key Points oo - Vaper
* Vapor pressure increases with increase in temperature. o '
* At boiling point, vapor pressure = Atmospheric pressure. ([T - - -
S Liquid -
STEP 3 : Example St oo Water

At 100°C, vapor pressure of water = 101.3 kPa
(which is atmospheric pressure, hence water boils at 100°C)

9. BOILING POINT

STEP 1 . Definition

E-u-ilirrg peint is the temperoture at which the vapeor pressure of a liguid
becomes equal to the surrounding pressure,

STEP 2 © Example
At sea level (Poyn = 1013 kPa), water beils at 100°C.

10. SURFACE TENSION (o)

STEP 1 : Definition Where,
It is the tangential force per unit length acting at = Surface tension (N/m)

the surface of a liquid. F = Force (N)
L L = Length (m)
F 1 Examele
dgr "5'4-—- —b}'; If a force of 0.072 N acts on
' ' a 1 m length,
v v o= °-?’2 = 0.072 N/m
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11, CAPILLARITY

STEP 1 - Definition

Capillarity is the rise or fall of o liquid in a small diameter
tube due to surface tension,

STEF 2 Formula i 3
4 g cos B %‘} _:
pgd e

S QR

1. DENSITY (p)

STEP 1 : Definition

Where,
h= Rise (m)
g v Surface tension (Nfm)
B = Contact angle
p = Density of Liguid (kgim')
g = Acceleration due

to gravity (9.81 m/s')

d = Diameter of copillary
tube [m)

[}tnsitvj is the mass per unit wvolume af

o substance.

_ ry
v,
where ,
P = Density (kg/m?*)
m = Mass {ka}
VvV = Volume (m?3)

STEP 2 : Urits
= 51 wmit : ka..-"rmz*

o Other commorn wurnits - 5,.-";,-..-,3'

STEFP 3 : Physical Meaning

- Dtnsity tells ws bow much mass is

conmntaimed mn o wrat wvolume.
- Hiﬂ'ﬂ.er d:nsity MEeaAns  mMmore

irm  the sSaoame wvolume.

STEP 4 : Example

oS5

If a block of material has a mass of 7.8 kg

and occupies a volume of 0.01 m?3,

find its density.
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Soelution :

m T.8
= — = = 780 kg/m?
P v, 0. 01 Irm
p = T80 kg/m?

STEP 5 : Typical Values (::L‘l: Eﬂ-nE:}
Substance Density {kﬂ.ﬂ"ma}
Water 1000
Air 1.2
Aluminium 2700
Steel 7850
Mercury 13600

2. BULK MODULUS OF ELASTICITY (K)

STEP 1 : Definition

Bulk wmodulus of elasticity is the ratio of

inttnsity of pressure to the fractional

c.hnna-e. im wvolume.

P
dp
K =-V o \L
Where,
K = Bulk modulus (Pa) P— v P
P = Pressure (Pa)
V = Volume (m?) T
dP = Change in pressure P
dV = Change in wvolume

STEP 2 : Physical Meaning

e When pressure is applied on a fluid, its volume decreases.

e Bulk modulus wmeasures the resistonce of a fluid te

uniform com press O
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STEP 3 : Units

e Sl unit : Pascal (Pa) or N/m?

STEP 4 : Example

A fluid of volume 2 m? is subjected to a pressure
increase of 1 MPa (1x10%° Pa) and its volume
decreases by 0.002 m?>® Find bulk modulus.

Solution
dpP 1 x 10°®
K = -V —— = - 2 —_—
dVv (2) -0.002

K = 1x10°% Pa

STEP S5 : Typical Values

e Water : 2.2 x 10? Pa
e Sea water : 2.4 x 10? Pa
e Oil : (1.0 - 1.6) x 10? Pa

3. COMPRESSIBILITY (B8)

STEP 1 : Definition

Compressibility is the reciprocal of bulk
modulus of elasticity.

1 P
s K
Where, e = e
B = Compressibility (Pa = ) : N
K = Bulk modulus (Pa) == %

STEP 2 : Physical Meaning

e Compressibility indicates how much a fluid
will compress for a wunit increase in pressure.
* Lower compressibility means the fluid is

less compressible (stiffer).
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STEP 3 : Units

e S| unit : Pa~?!

STEP 4 : Example

The bulk modulus of a fluid is 2.2 = 10° Pa.

Find its camprassibility.

Solution :
. [
P = K 2.2 x10°
B = 4.55 x 107" Pa~

STEP 5 : Typical Values

e Water . 4.55 x 1071° pg 1!
¢ Sea woter : 4.17 x 107'° Pa~?!

¢ Oil . (6.25 - 10) x 107'° Pa~"!
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